Infection of insect vector cells with the plant rhabdovirus potato yellow dwarf, serotype SYDV, was inhibited when the lysosomotropic substances chloroquine or ammonium chloride were present in the culture medium. Chloroquine inhibited infection totally at 1 mM, whereas inhibition by NH4C1 was maximum at 14 mM, where it was almost complete; lower concentrations of NH4C1 or, surprisingly, higher concentrations were less inhibitory. The number of cells infected at 25 mM-NH4C1 was the same as that infected in untreated controls. Binding of SYDV to the surfaces of cells was unimpaired by chloroquine. Sensitivity of SYDV infection to the lysosomotropic substances was observed only if the substances were administered during 150 min after inoculation. The inhibitory effect was abolished when the substances were removed from the medium. These results suggest that SYDV infection of the vector cells occurs by adsorptive endocytosis and has a lysosomal phase.
It is now generally accepted that most enveloped viruses such as rhabdo-, myxo-or togaviruses enter their host cells by adsorptive endocytosis and that their infective entities enter the cytoplasm after fusion of the viral envelope with lysosomal membranes (Marsh & Helenius, 1980; Matlin et al., 1981 Matlin et al., , 1982 . The fusion depends on a glycoprotein being present on the surface of the virus particles and is triggered by the internal acidic pH of the lysosome . The addition of weak bases to culture media causes the internal pH in the lysosomes of cultured cells to increase (Ohkuma & Poole, 1978) which prevents the fusion and thus inhibits infection. Weak bases that can exert such effects are called lysosomotropic substances (De Duve et al., 1974) ; chloroquine, ammonium chloride and amantadine have been most used (Miller & Lenard, 1980; Helenius et al., 1982; Superti et al., 1984; Geraldes & Valdeira, 1985) . During our studies to determine the mechanisms underlying virus vector specificity with the serotypes SYDV and CYDV of potato yellow dwarf virus (PYDV), it was of interest to examine the infection pathway of these plant rhabdoviruses in insect vector cells. To determine whether these rhabdoviruses enter their host cells by direct fusion with the cell membranes or instead use a lysosomal pathway, as described for vesicular stomatitis virus (VSV) and rabies virus (Matlin et al., 1982; Superti et al., 1984) , we have infected an established leafhopper cell line (AS-2) from Aceratagallia sanguinolenta (Provancher), the insect vector of SYDV, with purified SYDV and have studied the effects of chloroquine and NH4C1 on the numbers of cells infected.
AS-2 cells (Chiu & Black, 1967) were used during all experiments described. Cells were grown in plastic flasks (Nunc) using LB culture medium (Liu & Black, 1976) which was slightly modified in that instead of the original addition of 13% (v/v) foetal calf serum (FCS) we have used 6.5% (v/v) mixed with 1% (v/v) Ultroser (LKB), a synthetic supplement, diluted to the original volume with distilled water. The partial replacement of FCS by the synthetic substitute resulted in fewer failures in cell growth due to batch-to-batch variation of FCS.
Short communication
The SYDV serotype of PYDV was propagated and purified as described by Adam et al. (1983) . Purified virus was stored in liquid nitrogen until use. Inoculation of AS-2 cells and assays for infected cells by immunofluorescence microscopy were essentially as described by Hsu & Black (1973) , exceptthat cell monolayers were grown in CCSC culture vessels (Greiner, Nfirtingen, F.R.G.). Inhibition of infection was measured as the decrease in the percentage of cells infected compared with appropriate controls. To determine the percentage of cells infected we used an ocular equipped with a net micrometer and counted the total number of cells and the number of cells infected in the same field. For each monolayer 10 microscopic fields were chosen at random. Each treatment was tested in triplicate. Using this schedule, typically a mean of 500 cells/microscopic field Was obtained with a standard deviation of 30 and a mean of 10 infected cells with a standard deviation of 3.
Radioactive SYDV was prepared from infected AS-2 cells that had been grown from 10 to 48 h post-infection in LB medium containing 1 mCi [35S]methionine per 75 cm 2 culture flask (L-[35S]methionine, Amersham, code SJ. 123, sp. act. 293 mCi/mmol). At the end of the labelling period, cells were harvested and washed in 0.1 M-histidine buffer pH 5-9, containing 0.01 MMgC12. The buffer was prepared by titration of histidine-HC1 with histidine solution and was used in all further isolation steps and as inoculation buffer for bioassays with insect cells. After resuspension in buffer, the cells were quick-frozen in liquid nitrogen, thawed and broken by sonication twice for 15 s (Branson sonifier, microtip, 50 W). The homogenate was centrifuged (Sorvall SS-34 rotor at 5000 r.p.m, for 10 min at 4 °C) to remove cellular debris, and the supernatant fluid was layered on a 45 ~o (w/v) sucrose cushion. After centrifugation (Beckman SW27.1 rotor at 19000 r.p.m, for 30 min at 4 °C), the band on top of the cushion was removed with a syringe and layered directly on a 30 to 60~ (w/v) sucrose gradient which was centrifuged for 2 h at 22000 r.p.m, at 4 °C in a SW27.1 rotor. The bands visible under incident light which corresponded in position to purified SYDV in sister gradients were removed and pelleted, after dilution, at 30000 r.p.m, for 1 h in a Beckman 50Ti rotor. Pellets were resuspended in small volumes of the inoculation buffer. The material was assayed for infectivity on AS-2 cells for which it was found to be infectious with about 4 d.p.m./infected cell. Since the cell-infecting unit of SYDV has been estimated to be in the range from t.1 × 106 to 5.4 × 106 (Hsu et al., 1983) this would correspond to between 2.75 × 105 and 1.35 × 106 virus particles/d.p.m.
In order to determine whether lysosomotropic substances had any effect on the percentage of cells infected, the cells were inoculated with a concentration of SYDV that infected 2 to 3 ~ of inoculated cells, a level of infectivity that allowed statistical discrimination between treatments under the conditions employed (Gaedigk et al., 1986) . Either chloroquine or NH4CI was present during the 1 h inoculation and subsequent 48 h incubation period at 28 °C. As shown in Fig. 1 , both substances at low concentrations reduced the percentage of cells infected to an extent that increased with increasing concentrations administered. Two differences were observable between the effec/s of chloroquine and NH4C1. First, chloroquine was as effective as NH4C1 at approximately ten times lower concentrations, which might be attributed to differences in the pKb values of the two substances. Second, in contrast to chloroquine, NH4C1 did not inhibit infection completely, and when applied in concentrations higher than about 15 mM inhibition of infection decreased such that at 20 to 25 mM control levels of infection were observed (Fig. 1 b) . Concentrations higher than 25 mM could not be used due to detrimental effects on the ceils. One explanation for this reversal of inhibition might be that at such high concentrations the lysosomal membranes become leaky and lose their potential to maintain a pH difference between the cytoplasm and the internal lysosomal compartment. This could eventually restore conditions favouring fusion. Further experiments are needed to verify this suggested effect of NH4C1 on the lysosomal membranes.
To exclude the possibility that adsorption of the virus particles to the cells is influenced by the presence of chloroquine, we determined the amount of [35S]methionine-labelted SYDV bound during inoculation. Cells were inoculated for different lengths of time at 0 °C with and without chloroquine being present and after the inoculation period the cells were washed with ice-cold inoculation buffer, fixed with 1 ~o glutaraldehyde, dried and counted for radioactivity in a liquid scintillation counter using a toluene-based cocktail (Philips PM 4700; Quickszint 501, Zinser). The percentage of the activity in the inoculum bound increased exponentially (Fig. 2) during the first 300 min. A plateau was not reached during this time. No significant differences were observed between chloroquine-treated and control cells (Fig. 2) . It was therefore concluded that binding of SYDV to AS-2 cells was not affected by the lysosomotropic substance, which suggested that SYDV infection has a lysosomal phase.
To determine which phases of the SYDV infection are sensitive to lysosomotropic substances, we inoculated monolayers for 2 h at 0 °C, washed the cells with inoculation buffer and incubated them in medium at the usual temperature of 28 °C. The substances were added at different times after inoculation and were then present until the end of the incubation period. For both substances, inhibition of infection decreased with increasing time between the end of the inoculation period and the application of the substances. Infections were most sensitive to chloroquine or NH4C1 during the first 30 or 120 min, respectively (Fig. 3a, b) . With both substances, infection became fully resistant to inhibition by about 150rain (Fig. 3a, b) . According to these results the infectious entity of SYDV must have left the lysosome by 150 min post-infection. Short communication Fig. 3 . Effects of lysosomotropic substances after inoculation. AS-2 monolayers were inoculated with SYDV at 0 °C for 2 h and incubated thereafter in culture medium at 28 °C for different lengths of time until the lysosomotropic substances were added: (a) chloroquine at 1 mM; (b) NH4CI at 8 raM.
If the lysosomotropic substances inhibit the infection only by arresting the virus particles in the lysosome due to pH changes and do not modify the virus particle itself, the infection should commence when the substances are removed from the medium. To examine this we inoculated cell monolayers in the presence or absence of 8 mM-NH~C1 and kept them thereafter for different lengths of time in culture medium with the substance until the medium was replaced with fresh medium without NH~C1. In the control treatment, where inoculation and incubation were done in the absence of the inhibitor, 5-0~o of the cells became infected. When the inhibitor was present only during the 1 h inoculation, 4'95~o of the cells became infected, indicating that the inhibitor did not affect the infectivity of the virus particles. Inoculation and subsequent incubation for 1.5 or 2 additional h in the presence of the inhibitor resulted in 4.8 and 5.1 infection, respectively. The differences between the results from the different treatments were not significant. Since 0.9~ of cells kept in the inhibitor throughout the whole experiment became infected, it was concluded that the inhibitory effect was fully reversible, and that the infection process had been arrested at the lysosomal stage and could commence in its normal way after the restoration of conditions favouring infection.
According to our results, the plant rhabdovirus SYDV enters its insect vector cells by adsorptive endocytosis with a lysosomal stage, as has been described for other enveloped viruses (Marsh & Helenius, 1980; Matlin et al., 1981 Matlin et al., , 1982 . This can be deduced from the influence of two lysosomotropic substances on the development of infection in inoculated cells and the lack of influence on the adsorption of the virus to the cells. The number of cells infected decreased with increasing inhibitor concentrations and the infection could be inhibited only during a short period after the inoculation step. Reversibility of the inhibitory action indicated that the infection became arrested at a certain stage inside the cells. From the knowledge which has accumulated about the action of lysosomotropic substances on infection with enveloped viruses (Marsh & Helenius, 1980; Miller & Lenard, 1980; Matlin et al., 1981 ; Helenius et al., 1982) it can be assumed that this stage involves the lysosome. Although the inoculations were performed at pH values below 6.0, which is sufficient to induce direct fusion with other enveloped viruses such as influenza virus (Huang et al., 1985) or VSV (Matlin et al., 1982) , the inhibition of SYDV infection by lysosomotropic substances at a pH of 5.9 indicated the absence of direct fusion with the cell membranes at this pH .
It can therefore be concluded that the infection process is divided into at least three independent steps, adsorption to the cells, transport from the cell surface to the lysosome and finally fusion between the viral envelope and the lysosomal membrane. According to the results in the accompanying paper (Gaedigk et al., 1986 ) the SYDV G protein is necessary for infection of the insect cells and might play a role during either the adsorption or fusion process or both. Structural differences between the glycoproteins of the two serotypes SYDV and CYDV of PYDV have already been reported (Falk & Weathers, 1983; Adam & Hsu, 1984) and, in addition the two proteins differ in their isoelectric points (Gaedigk et al., 1986) . In view of these results, the different pH optima for infection by the two serotypes (Hsu & Black, 1973) could be interpreted as adsorption optima rather than infection optima, since infection occurs inside the cells where the external pH is ineffective. Whether the differences between the G proteins also determine the virus vector specificity of the two PYDV serotypes (Black, 1941 ) is the subject of further studies.
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